The principle of interferometers and its applicability to our research on crystal growth can be understood through assembling interferometers. In particular, practical skills such as techniques for assembling interferometers and selecting optical components, which are not covered by general textbooks, can be learned.
Light (electromagnetic waves) has been used to measure physical quantities in various fields for many years. Examples include velocity measurement using Doppler shift, time measurement relative to the speed of light, and distance measurement using a reflected wave, which can be performed relatively accurately and easily. In particular, interferometry is a very powerful tool because small differences integer multiple of the wavelength, is increased (Fig. 1a) , while the intensity of light rays with a difference of half a wavelength is reduced to zero (Fig. 1b) . The two light rays must come from a single light source, otherwise the light rays will not cause interference. Interference fringes deviate as a result of a difference in optical path length generated by a change in the refractive index of the sample. A laser light, which has high coherence, is useful for making interference fringes. Optical path length is defined as the product of refractive index n and distance l. If we consider the analogy of walking on a moving walkway in the reverse direction, the speed of the travelator corresponds to the refractive index. Likewise, the optical path length is regarded as the distance that light feels when light travels. Therefore, the optical path length becomes larger in proportion to the refractive index. Since the growth of a crystal is sensitively affected by its surrounding environment, the observation and measurement by a non-contact method using light is particularly effective for studying of crystal growth and therefore it has been used for many years and is still evolving [1] [2] . Here, we consider the principles and characteristics of two basic interferometers, Mach-Zehnder and Michelson, and the analytical methods required to apply interferometers in research work.
2．Interferometry
Electromagnetic waves can interfere with other electromagnetic waves that have the same frequency and a constant difference of phase in measurement time and space. In an interferometer, light from a single source is divided into several light rays (usually two) of the same intensity by amplitude, wavefront or polarization division using a half mirror. When the frequency or phase difference is random, interference fringes disappear and an image with uniform intensity is formed due to time averaging. Famous experiments using an interferometer are Young's interference experiment in 1803 and a double-slit experiment using electrons, which clearly demonstrated the dual character of waves and particles of light and matter [3] .
3．Mach−Zehnder interferometer
The Mach−Zehnder interferometer was independently proposed by L. Mach and L.
Zehnder in the 1890s. Schematic illustration has been shown in Fig. 2 . Collimated light is divided into two light rays at beam splitter 1. One becomes the reference light, which is reflected light on the left side in Fig. 2 , while the other passes through a sample and so the wavefront changes. When the two light rays combine at beam splitter 2, the wavefronts of the two light rays have some difference; interferometry measures the value of this difference. Figure   3 shows an example of interference fringes using a collimated He-Ne laser with a wavelength of 632.8 nm. When two light rays, a reference and a sample have no difference in wavefront, the image has homogeneous brightness as shown in Fig. 3a [4] . If either one of the mirrors is tilted to create a difference in optical path length between the upper and lower parts of the image, horizontal stripes appear as shown in Fig. 3b . Tilting the mirror further increases the difference in the optical path length, causing more dense horizontal stripes (Fig. 3c) . A pair of blight and dark fringes shows the difference in optical path length at 632.8 nm. When a sample is placed in the optical path, the difference in refractive index between the atmosphere and the sample causes a difference in optical path length. As a result, the interference fringes change. When observing of the sample environment such as temperature and concentration, a compensator (e.g., a glass plate) having a similar refractive index with the sample should be island is distributed on a crystal surface, the difference in height causes deviation of the interference fringes [9] [10] [11] [12] . As a result, the surface profile can be measured without contact.
5．Analytical methods of interference fringes
Interference fringes can be considered like contours on a map. A train of fringes is the 
6．Tasks
Divided into small groups, try to make a Mach−Zehnder or Michelson interferometer by arranging the optics yourself. Then, place an ice pillar at the position of the sample, which decreases the temperature around the sample and causes a temperature gradient from the ice surface to the atmosphere when using the Mach−Zehnder interferometer. You will find that the physical length, l, affects the deviation of interference fringes by using ice pillars of different sizes. Using the Michelson interferometer, interference fringes on the crystal surface of a sodium chlorate crystal in solution will be observed. The growth and/or dissolution rates of the crystals can be determined using a temperature control stage. In addition, the equilibrium temperature can be determined based on the interference fringes at the interface between the sodium chlorate crystal and solution.
